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OBJECTIVE — To study the absorption rate of rapid-acting insulin from subcuta-
neous injection sites in nonobese and obese non-insulin-dependent diabetes mellitus
(NIDDM) patients.

RESEARCH DESIGN AND METHODS — Ten nonobese and 10 obese
NIDDM patients (body mass indexes 24.1 + 0.4 and 31.4 * 0.8 kg/m?, respectively)
received four subcutaneous injections of *I-labeled rapid-acting insulin (Actrapid
Human, 5 U): three in the abdominal wall above, lateral to, and below the umbilicus;
and one in the thigh. The depth of the subcutaneous fat layer was measured using
ultrasound techniques. The residual radioactivity was monitored externally for 270
min.

RESULTS — The disappearance half-life of }#°I-insulin was between 4 and 6 h from
all injection sites, with the exception of the upper abdominal area in the nonobese
subjects, where it measured ~3 h. The residual radioactivity did not differ between
nonobese and obese patients measured from any of the sites. In the nonobese group,
the most rapid absorption of '*’I-insulin was found from the upper abdominal area
and the slowest from the thigh. In the obese group, the absorption rates did not differ
between sites. No correlation was found between the depth of the fat layer and the
residual radioactivity when measured at any site.

CONCLUSIONS — Ourresultsindicate that the absorption of rapid-acting insulin
is markedly slow in both obese and nonobese NIDDM patients compared with IDDM
patients and healthy subjects studied previously. In the nonobese group, the most
rapid absorption of '2*I-insulin is obtained after injection into the upper abdominal
area. Inter- and intraregional differences are small in the obese patients. Consequently
the choice of injection site is of little importance in this group.
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on-insulin-dependent diabetes
N mellitus (NIDDM) is characterized

by increased insulin resistance
and/or decreased insulin secretion (1,2).
Treatment for NIDDM is usually initiated
with diet alone and if this is not sufficient,
sulfonylurea (SU) is added. According to
World Health Organization criteria (3),
metabolic control is unsatisfactory in 10—
50% of patients treated with diet and SU
after 10 years of diabetes duration (4-7).
In a recent study (8), the number of pa-
tients treated with insulin as a result of
secondary SU treatment failure has been
estimated to be ~40% after 10 years du-
ration and 60% after 15 years duration.
Recent studies of insulin-dependent dia-
betes mellitus (IDDM) patients have dem-
onstrated that intensified insulin treat-
ment, compared with standard treatment,
retards the development of microvascular
complications (9,10). Although there are
no comparable studies in NIDDM pa-
tients, many patients in whom SU treat-
ment failed are treated with insulin in at-
tempts to reduce the risks for micro- and
macrovascular complications.

Insulin absorption is a factor of
major importance for glucose control in
insulin-treated diabetic patients (11,12).
To date insulin absorption has mainly
been studied in IDDM patients and in
healthy subjects (11-14). Thus, the aim
of this study was to determine the absorp-
tion rate of rapid-acting insulin in
NIDDM patients after injection into vari-
ous subcutaneous areas and to evaluate
the importance of the injection site in in-
sulin treatment of obese and nonobese
patients with NIDDM.

RESEARCH DESIGN AND

METHODS — Twenty patients with
NIDDM were included in the study and
divided into two groups according to
body mass index (BMI) (weight/heightz).
Study inclusion criteria for the partici-
pants included the following; age at onset
>35 years, fasting C-peptide level =0.3
nmol/l, and successful diet and/or SU
treatment > 1 year after diagnosis. Exclu-
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Table 1—Characteristics of the NIDDM patients

Clauson and Linde

Sex Age BMI Known diabetes HbA, . (%) Insulin dose

n (M/F) (years) (kg/m?) duration (years) (3.5-5.5) (U-kg™'-day™)
Nonobese 10 8/2 58 +2 24104 9*2 77 04 0.50%£0.11
Obese 10 5/5 50 £ 2 314 + 0.8*% 102 9.4 + 0.6t 0.57 £ 0.09

Data are means * SE. Normal range for HbA | is 3.5-5.5%. *P < 0.001; TP < 0.05 obese vs. nonobese NIDDM patients.

sion criteria for the study included a pos-
itive diagnosis for thyroid disease and/or
severe diabetic neuropathy. Clinical char-
acteristics of the study participants are
presented in Table 1. The obese and
nonobese group differed only with regard
to BMI, HbA, ., and the male/fernale ratio.
The latter might have some influence on
the results, but there are no studies show-
ing differences in insulin absorption be-
tween men and women, nor in healthy
subjects or IDDM patients. One patient in
the nonobese group had simplex retinop-
athy, and one obese participant had ne-
phropathy (albuminuria).

Four patients were treated with
B-blockers (three obese patients treated
with atenolol, 25, 75, and 100 mg, re-
spectively, and one nonobese patient
treated with metoprolol, 200 mg) and
four with calcium antagonistic agents
(two obese patients treated with vera-
pamil, 240 mg, and felodin, 10 mg, re-
spectively, and two nonobese patients
treated with verapamil, 240 mg, and dil-
tiazem, 180 mg, respectively).

The patients arrived at the hospi-
tal after an overnight fast. One hour be-
fore the experiment, the patients received
100 mg potassium iodide orally to block
thyroid uptake of radioactive iodide. On
the 3 consecutive days the participants re-
ceived 50 mg of iodide.

The depth of the fat layer at the
four injection sites was measured using
two-dimensional ultrasound with a linear
scanner (7 MHz, Acuson, Mountain
View, CA). Thereafter the patients were
served a standardized breakfast (1,810 k],
433 kcal) consisting of 1 cup (150 ml)
decaffeinated coffee or tea, 100 ml orange
juice, 200 ml sour milk with 100 ml cereal,

two slices of bread with 10 g margarine,
15 g cheese, and 10 g ham. Immediately
after breakfast, radiolabeled rapid-acting
insulin (lzsl-Actrapid, 5U, 10 kBq, 0.05
ml, 100 U/ml; Novo, Copenhagen, Den-
mark) was injected subcutaneously into
four injection sites. The four injections
were done in the same order in all pa-
tients; each injection finished within 5 s.
The total time from the start of the first
injection to the end of the last injection
was ~2 min in each patient. The injection
sites were located as follows: 1) 120 mm
above, 2) 120 mm lateral to, and 3) 40
mm below the umbilicus, and 4) in the
thigh (midline), one-third of the distance
between the inguinal ligament and upper
part of the patellae. The injections were
made at a standard speed and were based
on a previous ultrasound determination.
The injections were administered into the
middle of the fat layer. The patients re-
mained in a supine position during the
test except between 180 and 210 min,
when a standardized lunch was served. At
this time the patients maintained a sitting
position. The room temperature was kept
between 22 and 24°C.

The residual radioactivities were
measured continuously every minute by
means of four collimated detector systems
(50 mm diameter X 25 mm height; Leab,
Molnlycke, Sweden) mounted ~100 mm
above the skin surfaces. The collimated
detectors were interfaced to a multichan-
nel spectrometer (ND 600, Nuclear Data,
Schaumburg, IL). After the experiment,
the data were transferred to a microcom-
puter (Apple II, Apple, Cupertino, CA)
for subsequent analysis.

The residual radioactivity at the
injection site, expressed as percentage of

initial, was calculated every 30 min as the
mean of ten 60-s intervals, e.g., the 120-
min value was calculated as the mean
value of the counts between 116 and 125
min. All values are expressed as means +
SE. Levels of significance were tested us-
ing two-tailed Student’s ¢ test. When mul-
tiple comparisons were performed, one-
way analysis of variance with Fisher’s test
was used. To assess ratios, the Kruskal-
Wallis test was applied. Correlation coef-
ficients were calculated using a standard
procedure. A P value < 0.05 was consid-
ered statistically significant.

RESULTS

Plasma glucose

The basal plasma glucose values before
breakfast, 9.2 = 0.7 and 10.3 = 0.7
mmol/l (NS), and before insulin injec-
tions, 11.2 # 0.9and 12.6 = 1.3 mmol/l
(NS), were similar in the obese and non-
obese subjects. As expected, there was a
tendency for lower plasma glucose values
in the nonobese group during the course
of the experiment, but these differences
were not statistically significant at any in-
dividual point (Fig. 1). The reduction in
plasma glucose between 0 and 180 min
was significantly greater in the nonobese
group compared with that of the obese
subjects (P < 0.05). One of the nonobese
patients was given glucose orally after 180
min because of a plasma value of 2.9
mmol/l.

Depth of the fat layer

The depth of the fat layer at the injection
sites was significantly greater in obese
than nonobese patients measured above,
below, and lateral to the umbilicus. How-
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Figure 1—Plasma glucose concentration in 10 obese and 10 nonobese NIDDM patients after injection
of 5 U "#I-labeled rapid-acting insulin in four subcutaneous sites. Values are means + SE.

ever, in the thigh the difference in fat
depth between the groups did not reach
statistical significance (P = 0.06, NS) (Ta-
ble 2). Within the nonobese patient
group, the thigh showed a significantly
thinner fat layer than the site measured
above as well as below the umbilicus.

Residual '?°I radioactivity
The half-life of the disappearance of '*I-
insulin in both obese and nonobese pa-
tient groups ranged between 4 and 6 h
from all injection sites, except the upper
abdominal area measured in the non-
obese subjects. When measured at this
site the half-life of the disappearance of
'25Linsulin was ~3 h (Table 3 and Figs. 2
and 3). The residual radioactivities 4.5 h
after injection, in the obese group were
39, 55,47, and 53% for the upper, lower,
the lateral areas of the abdomen and the
thigh, respectively, whereas in the non-
obese group, the respective residual ra-
dioactivities were 29, 48, 43, and 60%
(intergroup differences NS).

Although the depth of the fat lay-
ers differed significantly between the

obese and nonobese patients, there were
no significant intergroup differences in re-
sidual radioactivity between any of the in-
jection sites (Table 3 and above).

The absorption rates from the var-
ious injection sites within the nonobese
group differed significantly, the highest
rates being found from the upper abdom-
inal area and the lowest rates from the
thigh (Fig. 2). However, in the obese
group, the differences between the injec-
tion sites were small and statistically in-
significant (Fig. 3).

From the log-activity versus time
plot, it isapparent that the absorption rate
increases continuously over time, and
this response is most prominent in the
upper abdominal area in the nonobese
group.

When studied separately, there
were no differences between patients
treated with B-blockers or calcium antag-
onistic agents versus untreated patients
with respect to residual activity measured
at any of the four sites.

Correlations

Depth of the fat layer was not significantly
correlated with the residual radioactivity
measured at any of the injection sites of
either group. Furthermore, when all ab-
dominal injections were analyzed to-
gether, depth of the fat layer was not cor-
related with residual radioactivity.

CONCLUSIONS — The  present
study offers the first detailed report of the
absorption kinetics of insulin in patients
with NIDDM. We here demonstrate that
the absorption of rapid-acting insulin is
considerably slower in this patient group,
NIDDM patients, regardless of obesity,
when compared with previously studied
IDDM patients (12,14). The absorption
rates of a similar dose of rapid-acting in-
sulin from subcutaneous injection sites in
the abdominal wall and in the thigh were
between 15 and 45% lower in our
NIDDM patients compared with IDDM
patients studied previously under identi-
cal conditions (14).

Table 2—Depth of the fat layers at the injection sites

Fat layer depth (mm)
Region Nonobese Obese
Abdomen
Above umbilicus 14.2 = 1.0% 223 +£2.8*
Lateral to umbilicus 12110 20.1 £ 2.4%
Below umbilicus 138 1.1 219 + 28t
Thigh 9.7*14 149 *23

Data are means * SE. *P < 0.05; tP < 0.01 obese vs. nonobese. $P < 0.01 above umbilicus vs. thigh,
nonobese.
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Table 3—Time to 50% elimination (t,,,) of rapid-acting insulin (5 U) after subcutaneous
injection in abdomen and thigh in 10 nonobese and 10 obese NIDDM patients

t1» (min)
Region Nonobese Obese
Abdomen
Above umbilicus 196 = 13*t 242 £ 22
Lateral to umbilicus 250 * 221% 274 + 25
Below umbilicus 200 = 22 207 + 24
Thigh 355 * 24 304 £ 28

Data are means * SE. *P < 0.001 vs. thigh, nonobese. TP < 0.05 vs. below umbilicus, nonobese.

$P < 0.01 vs. thigh, nonobese.

Low insulin absorption rates were
observed not only in the obese NIDDM
patients, but also in the NIDDM patients
with normal body weight. This finding is
contrary to previous findings in IDDM
patients, whereby an inverse relationship
between the insulin absorption rate and
the degree of adiposity measured in vari-
ous ways has been observed (14-16). The
insulin absorption rate did not correlate
with the depth of the fat layer in our
NIDDM patients. In fact, the lowest ab-
sorption rate was measured in the thigh in
the nonobese subjects, a region that
showed the thinnest fat layer. This find-
ing suggests that the regulation of insulin
absorption is different in NIDDM patients
compared with that of IDDM patients.

Subcutaneously injected rapid-
acting insulin displays a characteristic
course of absorption in healthy subjects
and IDDM patients, with an absorption
rate increasing continuously over time
(12,17). This pattern of absorption has
convincingly been demonstrated to be
caused by the successive dissociation of
insulin hexamers into smaller units,
dimers and monomers, a phenomenon
that seems to interact with blood flow
(17). The same pattern of absorption, al-
though less pronounced, was also ob-
served in our NIDDM patients and most
clearly in sites with relatively rapid ab-
sorption, i.e., from the upper abdominal
area in nonobese patients. One possible
mechanism for the low absorption rate of
rapid-acting insulin in NIDDM patients

might be a retarded rate of dissociation of
the hexameric insulin. Whether a low
blood flow might be a common denomi-
nator behind such a response is not
known.

Some of our patients were treated
with drugs having vasoactive properties.
Four patients received $-blocking agents,
and four other patients received calcium
antagonistic agents. Unselective B-block-
ade, which has previously been demon-
strated to reduce peripheral blood flow,
may retard insulin absorption, whereas
calcium antagonistic agents, acting vaso-
dilatory, have the opposite effect (18). In

Clauson and Linde

the previous study, high doses of the
blocking agents were given, whereas our
patients received much smaller doses.
The insulin absorption rates in our study
did not differ between the treated and the
untreated patients.

Regardless of the mechanism be-
hind the low insulin absorption rate in the
NIDDM patients, increased age may play
a contributory role. One study suggests
that older individuals absorb insulin
more slowly than young subjects (19).
However, the differences reported by
those investigators were not statistically
significant, and in another investigation,
no influence of age on the absorption of
isophane insulin could be observed (20).

In addition to age, the diabetic
state as such might influence the insulin
absorption rate. The plasma glucose level
has been suggested as a factor of impor-
tance to insulin absorption. Thus, hypo-
glycemia has been found to depress the
absorption rate, whereas ketoacidosis
seems to have the opposite effect (19,21).
In our study plasma glucose varied be-
tween 8 and 14 mmol/l and is therefore
unlikely to be coupled with the low insu-
lin absorption rate in our NIDDM pa-
tients. The explanation for the slow insu-
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Figure 2—Residual '?*I-radioactivity measured at four subcutaneous injection sites in 10 nonobese
NIDDM patients after the injection of 5 U '#I-labeled rapid-acting insulin. Values are means * SE.
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Figure 3—Residual %I radioactivity measured at four subcutaneous injection sites in 10 obese
NIDDM patients after the injection of 5 U '?°I-labeled rapid-acting insulin. Values are means + SE.

lin absorption in NIDDM is unclear and
deserves further elucidation.

The slow insulin absorption in the
NIDDM patients may perhaps partly ex-
plain the only minor differences in glyce-
mic control between NIDDM patients on
varying insulin regimens. In a recent
study of four different treatment strategies
in NIDDM patients receiving maximal
dose of sulfonylureas, regardless of
whether treatment was given with sulfo-
nylurea and evening NPH insulin, sulfo-
nylurea and morning-NPH insulin, two
insulin injections a day (mixture of rapid-
acting and NPH insulin), or multiple in-
jections (rapid-acting insulin before
meals and evening NPH insulin), no dif-
ference in HbA,. could be demonstrated
(22). The low insulin absorption rates in
the NIDDM patients may perhaps also
contribute to the hyperinsulinemia that
was found in the two groups treated with
either two or four injections per day.
With a half-life of the rapid-acting insulin
approaching 6 h, clearly insulin will be
eliminated in parallel from several depots,
and this will contribute to a steady, high
level of the peptide in plasma.

When the diabetic patient is
treated with rapid-acting insulin, it is im-
portant to know which parts of the sub-

cutaneous area offer the most rapid rate of
insulin absorption. In IDDM patients, the
highest absorption rates of insulin occur
in the epigastric area (14). This finding for
IDDM patients applies also to our
NIDDM patients with normal body
weight. However, in the obese group, dif-
ferences between the various injection
sites were minimal. Therefore, changing
the injection site in obese NIDDM pa-
tients cannot be used as a strategy to en-
hance the absorption of insulin as recom-
mended for IDDM patients.

Since retardation of the rate of dis-
sociation of the hexameric insulin may be
an important factor in the delayed insulin
absorption in NIDDM patients, treatment
strategies promoting this dissociation
process should be tested. Sprinkler nee-
dle injection or massage of injection sites,
which enhance the absorption of rapid-
acting insulin (23,24), probably mainly
by accelerating hexamer dissociation
(17), might be especially suitable in this
patient category.
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